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(54) Automated external defibrillator with self-test system 



(57) An automated external defibrillator wh ich auto- 
matically performs self-tests on a daily and weekly ba- 
sis. Tested functions include the presence and intercon- 
nection of defibrillator electrodes, battery charge state 



and the operability of the high voltage circuit. Visual and 
audible indicators are actuated to alert an operator if 
faults are identified, A record of each self -test is stored 
in memory, and can be subsequently retrieved through 
a communications port. 



CM 
< 
CM 

o> 

10 
h- 

O 

(L 
UJ 




Printed by Jouve. 75001 PMVS (FR) 



1 



EP 0 757 912 A2 



2 



Description 

The present invention relates generally to automat- 
ed external defibrillators. In particular, the present in- 
vention Is an automated external defibrillator with a self- 
test system for automatically and periodically testing the 
operational status of the defibrillator, and for providing 
service alerts if faults are identified. 

Automated external defibrillators or AEDs are used 
by police officers, paramedics and other first-responder 
emergency medical technicians to resuscitate cardiac 
arrest patients. It is important that the AEDs carried by 
these technicians be continuously operational and 
ready for use on a moments notice. To help ensure a 
high level of confidence that they will be operational 
when needed, AEDs should be periodically checked 
and tested by the technicians, and corrective mainte- 
nance performed if any faults are identified. By way of 
example, AED functions and components that should 
be periodically checked and tested include the charge 
state of the batteries, the presence of electrodes and 
the ability of the device to charge and deliver defibrilla- 
tion pulses. The Amerfcan Heart Associatton recom- 
mends that AEDs be tested daily or at the beginning of 
a shift. 

Unfortunately, for a variety of reasons the frequency 
at which AEDs are tested by the technicians that will be 
using them varies. Since studies have shown that the 
chances of successfully resuscitating a patient de- 
crease approximately ten percent per minute following 
cardiac arrest, the consequences of first-responder 
medical technicians arriving at a rescue kx:ation with a 
nonfunctnnal AED can be severe. There is, therefore, 
a continuing need for AEDs capable of being reliably 
maintained in a functk>nal state. 

The invention is defined in the accompanying inde- 
pendent claims. Preferred features are recited in the de- 
pendent claims. 

The present invention is an improved automated 
extemai defibrillator (AED). One embodiment of the de- 
fibrillator includes a digital control system with self-test 
means for periodk^ally and automatically performing 
self-tests of one or more defibrillator components. If a 
malfunctioning component is identified, the self-test 
means actuates an audible alarm or other maintenance 
indicator to alert an operator. Tested functions include 
the presence and interconnectk^n of defibrillator elec- 
trodes, battery charge state, the f unctbnality of the high 
voltage circuit and the furK:tionality of the digital control 
system. Some functions are self-tested daily, while oth- 
ers are self-tested weekly. 

Figure 1 is a perspective view of an automated ex- 
ternal defibrillator (AED) in accordance with the 
present inventkxi, with the electrode compartment 
Ikl ck>sed; 

Figure 2 is a perspective view of the AED shown in 
Figure 1, with the electrode compartment Iki 



opened and the packaged electrodes positioned 
therein ; 

Figure 3 is a perspective view of the AED shown in 
Figure 2, with the electrodes removed from the elec- 
s trode compartment and the package ; 

Figure 4 is a detailed view of the diagnostic display 
panel In the electrode compartment; 
Figure 5 is a detailed view of the unpackaged elec- 
trodes positioned on the release liner ; 
10 Figure 6 is a block diagram of the electrical system 
of the AED shown in Figure 1 ; and 
Figure 7 is an illustration of the instruction and safe- 
ty label on the inside surface of the electrode com- 
partment lid. 

A semi-automatto, automated extemai defibrillator 
(AED) 10 in accordance with the present invention is il- 
lustrated generally in Figures 1 -3. As shown, defibrillator 
10 includes a plastic case 12 with a carrying handle 14 
on the top portion. A battery compartment (not visible) 
in the bottom portion of the defibrillator 10 is enclosed 
by a semi-transparent battery cover 1 6. An illuminatable 
rescue switch 18, visual maintenance indicator 20, data 
communk^tion port 22 and charging port 24 are located 
on the outside of case 1 2 for easy access by an operator 
Case 12 also Includes an electrode compartment 
26 between handle 14 and battery cover 16. The elec- 
trode compartment 26 is enclosed by IkJ 28 which is 
mounted to the case 1 2 by hinges (not visible). A f ration- 
type releasable latch including pins 30 holds lid 28 
ck>sed when defibrillator 10 is not in use. The finger- 
receiving recess 31 in the IkJ 28 is grasped to open the 
lid and access the electrode compartment 26. An elec- 
trode connector 32, speaker 34 and diagnostb display 
panel 36 are located on case 12 within the electrode 
compartment 26. As shown in Figure 4, diagnostic dis- 
play panel 36 includes visual "Call for Senrice* indicator 
light 38. 'Check Electrode" indicator light 40. "Check 9 
Volt Battery" indbator light 42, "Check 12 Vbit Battery" 
indicator light 44 and "Power" indk^ator light 46. Resume 
switch 48 and resume indk:ator light 49 are also located 
on diagnostk: panel 36. An instructkxi and safety label 
such-as that shown in Figure 7 is kx^ed on the inskie 
surface of electrode compartment lid 28. 

A pair of defibrillator electrodes 50 which can be 
used with defibrillator 10 are shown in Figures 3 arKJ 5. 
Electrodes 50 each include a flexible polymer backing 
layer 52 and a patient-engaging layer 54 of conductive 
adhesive which overlays the backing layer. A current- 
dispersing flexible conductive sheet (not visible) is b- 
cated between the backing layer 52 and patient-engag- 
ing layer 54. Insulated lead wires 56 extend from each 
electrode 50, and have a first end connected to the con- 
ductive sheet and a second end connected to connector 
58. Connector 58 is configured to releasably mate with 
the electrode connector 32 in electrode compartment 
26. Electrodes 50 are sealed within a polymer or poly- 
mer-metal laminate package 60 such as that shown in 
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Figure 2. Lead wires 56 and connector 58 extend from 
package 60. The layers 54 of electrodes 50 are affixed 
in a faoe-to-face orientation to opposite sides of a re- 
lease liner 61 within package 60. The release liner 61 is 
perforated with a number of apertures, so the electrodes s 
50 are electrically coupled to one another within the 
package 60. A relatively tow resistance electrk:al circuit 
is thereby established between the ends of the lead 
wires 56 at connector 58. As shown in Figure 2, elec- 
trode package 60 is positioned within electrode com- 
partment 26. and connector 58 plugged into the connec- 
tor 32 in the compartment, to maintain defibrillator 10 in 
a ready-to-use state. Packaged electrodes 50 having 
the above-described characteristk:s are discbsed in the 
Gilman et al. U.S. Patent 5,402,884, and are commer- 
cially available from Sun^ivalink of Minnetonka, Minne- 
sota. 

Figure 5 is a bkx:k diagram of the electrical system 
70 of defibrillator 10. The overall operation of defibrilla- 
tor 10 is controlled by a digital microprocessor-based 
control system 72 which includes a processor 74 inter- 
faced to program memory 76, data memory 77. event 
memory 78 and real time ckx;k 79. The operating pro- 
gram executed by processor 74 is stored in program 
memory 76. Data memory 77 is used by processor 74 
as a scratch pad memory during the execution of the 
operating program. Electrbal power is provkied by a re- 
chargeable twelve volt lead-ackJ cartridge battery 80 
and a nine volt battery 82 whk:h are removably posi- 
tioned within the battery compartment and connected to 
power generation circuit 84. During normal operatk>n, 
power generation circuit 84 generates regulated ±5V, 
3.3V and 12V (actually about 13.3V) supplies with the 
power provided by the twelve volt battery 80. Nine volt 
battery 82 f unctbns as a back-up battery to power com- 
ponents of electrical system 70 during the executbn of 
self-tests and to activate maintenance indbators and 
alarms (as described below) if the twelve volt battery 80 
is k>w on charge. Although not separately shown in Fig- 
ure 5, power generatk)n circuit 84 includes voltage level 
sensing circuits which are coupled to processor 74. The 
voltage level sensing circuits provkie k>w battery level 
signals to processor 74 whenever the voltage levels of 
batteries 80 or 82 are less than predetermined values 
such as 12.3V and BV. respectively. 

The ±5V supply is used to power the control system 
72 and most other electrk>at components of electrical 
system 70. The 3.3V supply is coupled to nonvolatile 
event memory 78 in whk:h, as is described in greater 
detail below, data representative of the patient's cardiac 
rhythm and the rescue mode operatkyi of defibrillator 
10 are stored. A high voltage generatbn circuit 86 is 
connected to receive the 12V supply- Charging port 24 
is coupled to power generatbn circuit 84, enabling 
twelve volt battery 80 to be connected to a twelve volt 
vehicle battery (not shown) or a 120VAC charger (also 
not shown) and recharged while mounted within the de- 
fibrillator 12. Alternatively battery 60 can be removed 



from defibrillator 1 0 and charged in a stand-alone charg- 
er (not shown). Defibrillator 1 0 cannot be operated when 
a charger is connected to charge port 24. Circuitry (not 
separately shown) within power generation circuit 84 
senses the interconnection of port 24 to a charger, and 
provkies a charger connected signal to processor 74 
when a connected charger is sensed. 

Power generation circuit 84 is also connected to 
power control circuit 68 and processor 74. Power control 
circuit 88 Is connected to Iki switch 90, watch dog timer 
92, real time clock 79 and processor 74. Lid switch 90 
is a magnetic reed relay switch in one embodiment, and 
provkies signals to processor 74 indicating whether Iki 
28 is open or closed. Data communication port 22 is cou- 
pled to processor 74 for two-way serial data transfer us- 
ing an RS-232 protocol. Rescue switch 1 8, maintenance 
indicator 20, rescue switch light 19. resume switch 48, 
indicator lights 38, 40, 42, 44, 46 and 49 of diagnostk; 
display panel 36, voice circuit 94 and piezoelectric au- 
dible alarm 96 are also connected to processor 74. 
Voice circuit 94 is connected to the speaker 34. In re- 
sponse to voice prompt control signals from processor 
74, circuit 94 and speaker 34 generate the audible voice 
prompts described bek>w. 

High voltage generatbn circuit 86 is also connected 
to and controlled by processor 74. Circuits such as 86 
are generally known, and disck>sed, for example, in the 
commonly assigned Persson et al. U.S. Patent 
5,405,361 , whk:h is hereby incorporated by reference. 
In response to charge control signals provided by the 
processor 74, high voltage generatkxi circuit 86 is op- 
erated in a charge mode during which one set of semi- 
conductor switches (not separately shown) cause a plu- 
rality of capacitors (also not shown), to be charged in 
parallel to the 12V potential supplied by power genera- 
tion circuit 84. Once charged, and in response to dis- 
charge control signals provided by processor 74, high 
voltage generatk>n circuit 86 is operated In a discharge 
mode during which the capacitors are discharged in se- 
ries by another set of semk^onductor switches (not sep- 
arately shown) to produce the high voltage defibrillation 
pulses. The defibrillation pulses are applied to the pa- 
tient through electrode connector 32 whk:h is connected 
to the high voltage generatkxi circuit 86. Under certain 
circumstances described below, processor 74 causes 
high voltage generation circuit 86 to be discharged 
through an internal resistive ksad 98 rather than connec- 
tor 32. 

Impedance measuring circuit 100 is connected to 
electrode connector 32 and real time clock 79, and is 
interfaced to processor 74 through anak^g-to-digital (A/ 
D) converter 102. The impedance measurnig circuit 100 
receives a ckxk signal having a predetermined magni- 
tude from clock 79, and applies the signal to electrodes 
50 through connector 32. The magnitude of the clock 
signal received back from the electrodes 50 through 
connector 32 Is monitored by impedance measuring cir- 
cuit 100. An inripedance signal representative of the Im- 
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pedance present across electrode connector 32 is then 
generated by circuit 100 as a function of the ratio of the 
magnitudes of the applied and received clock signals (i. 
e., the attenuation of the applied signal). For example, 
if the electrodes 50 within package 60 are operatbnal 
and the connector 58 is property connected to connector 
32 on defibrillator 10, a relatively k)w resistance (e.g., 
less than about ten ohms) should be present across the 
connector 32. If the conductive adhesive on the elec- 
trodes 50 is dried out. the connector 58 is not properly 
connected to connector 32, or the electrodes are not 
properly posrtbned on the patient, a relatively high re- 
sistance (e.g. greater than about one hundred ohms) will 
be present across the connector 32. The resistance 
across connector 32 will be between about fifty and 
eighty ohms when fresh electrodes 50 are properly po- 
sitioned on the patient with good electrical contacts. The 
impedance signal representative of the impedance 
measured by circuit 100 is digitized by A/D converter 
102 and provided to processor 74. 

Defibrillator 10 also includes electrocardbgram 
(EKG) filter and amplifier 104 whk;h is connected be- 
tween electrode connector 32 and A/D converter 102, 
The EKG or cardiac rhythm of the patient is processed 
by filter and amplifier 1 04 in a conventional manner, and 
digitized by A/D converter 102 before being coupled to 
processor 74. 

the rescue mode operatkxi of defibrillator 10 is in- 
itiated when an operator opens ltd 28 to access the elec- 
trode package 60. The opening of the lid 28 is detected 
by Ikl switch 90, which effectively functions as an on/off 
switch. In response to this actbn, power control circuit 
88 activates power generation circuit 84 and initiates 
rescue mode operation of processor 74. Processor 74 
then begins its rescue mode operatbn by switching 
maintenance indicator 20 to a maintenance required 
state (e.g., a yellow visual display in one embodiment), 
flashing rescue switch light 19 and the indicator lights 
on diagnostic display panel 36, and performing a lid 
opened self -test. Processor 74 also initiates the gener- 
ation of an audible vobe prompt To attempt a rescue, 
disconnect charger.* if a charger is connected to charge 
port 24 when lid 28 is opened. 

During the lid opened self-test, processor 74 
checks: 1 ) the charge state of batteries 80 and 82, 2) 
the interconnectkxi and operability of electrodes 50, 3) 
the state of event memoiy 78, 4) the functkxiality of real 
time clock 79, and 5) the functionality of A/D converter 
102. The charge states of batteries 80 and 82 are 
checked by monitoring the voltage level signals provid- 
ed by power generatbn circuit 84. If batteries 80 and/or 
82 are detennined to have a bw charge, lights 44 and/ 
or 42, respectively, on diagnostb display panel 36 are 
illuminated by processor 74. The interconnectbn and 
operability of the electrodes 50 Is checked by monitoring 
the impedance signals provided by impedance measur- 
ing circuit 100. If the package 60 of electrodes 50 is 
missing or unplugged from connector 32. or If the elec- 



trodes are damaged (e.g., dried out), processor 74 will 
illuminate the Indbator light 40 on diagnostic display 
panel 36. As described in greater detail below, data rep- 
resentative of the operatbn of defibrillator 10 during a 

s rescue and the patient's cardiac rhythm are stored in 
event memory 78. The data can be subsequently re- 
trieved from event memory 78 through communicatkxis 
port 22, and the memory cleared. During the lid opened 
self-test, processor 74 accesses the event memory 78 

10 to determine whether data from a previous rescue is still 
stored in the memory. If so, processor 74 causes light 
49 on diagnostic panel 36 to be illuminated, and initiates 
the generatbn of a 'Press resume button to clear mem- 
ory and continue." voice prompt. If resume switch 18 Is 

IS pressed by the operator following the activatbn of these 
indicators, processor 74 clears event memory 78 and 
proceeds with its rescue mode operatbn. The function- 
ality of real time clock 79 and A/D converter 102 are 
checked by monitoring the outputs of these circuit ele- 

20 ments for expected signals. Diagnostic display panel 
light 38 is illuminated by processor 74 if faults are iden- 
tified in either of cbck 79 or converter 102. 

If the lid opened self-test is successfully completed, 
processor 74 switches maintenance indicator 20 to an 

25 operational state (e.g.. a black color in one embodi- 
ment). arKi initiates the generation of an audible 'Place 
electrodes.' vobe prompt. In response to this vobe 
prompt, and following the instructions on the inside of 
lid 28, the operator shoukJ remove electrode package 

30 60 from compartment 26, open the package, peel elec- 
trodes 50 from the release liner 61 and place the elec- 
trodes on the patient* s chest. While this actbn is being 
performed, processor 74 monitors the Impedance sig- 
nals received through A/D converter 102 to determine 

35 whether the Impedance across the electrodes Indicates 
that they have been properly positioned on the patient. 
If the correct impedance is not measured, processor 74 
Initiates the generation of a 'Check electrodes.' vobe 
prompt. 

40 After detecting an Impedance indicating the proper 
placement of electrodes 50. and without further action 
by the operator (i.e., automatbally), processor 74 be- 
gins a first analyze sequmce by initiating the generation 
of a 'Do not touch patient. Analyzing rhythm.' vobe 

4S prompt, and analyzing the patlenf s cardiac rhythm. In 
one embodiment, processor 74 collects and analyzes a 
nine second segment of the patients cardiac rhythm. 
The cardiac rhythm analysis program executed by proc- 
essor 74 is stored In program memory 76. Algorithms of 

50 the type Implemented by the rhythm analysis program 
are generally known and disclosed, for example, in the 
W. A. Tacker Jr. book Defibrillation of the Heart, 1994. 
, If the processor 74 determines that the patient has a 
nonshockable cardiac rhythm that is not susceptible to 

55 treatment by defibrillation pulses (e.g., no pulse rather 
than a fibrillating rhythm), it initiates the generation of a 
'Check pulse. If no pulse, give CPR' vobe prompt. One 
minute after this voice prompt, processor 74 repeats the 
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initiation of the "Do not touch patient. Analyzing rhythm. 
* voice prompt and the associated cardiac rhythm anal- 
ysis. 

When a shockable cardiac rhythm is detected, proc- 
essor 74 begins a first charge sequence by initiating the s 
generation of a 'Charging.' voice prompt, and causes 
high voltage generation circuit 66 to operate in the 
charge mode. When the high voltage generation circuit 
86 is charged, processor 74 begins a first shock se- 
quence by initiating the generation of a 'Stand clear. io 
Push flashing button to rescue.' voice prompt, and the 
flashing illuminatbn of rescue switch tight 19. The oper- 
ator actuation of rescue switch 1 8 will then cause proc- 
essor 74 to operate high voltage generation circuit 86 in 
the discharge mode, and results In the application of a is 
defibrillation pulse to the patient to complete the first se- 
ries of analyze/charge/shock sequences. In one embod- 
iment, the first defibrillatbn pulse delivered by defibril- 
lator 1 0 has an energy content of about two hundred 
joules. ^ 

Folbwing the first series of analyze/charge/shock 
sequences, processor 74 times out a short pause of 
about five seconds to atk>w the heart to reestablish its 
cardiac rhythm before beginning a second series of an- 
alyze/charge/shock sequences. The second series of 2S 
analyze/charge/shock sequences is identnal to the first 
series described above, except the energy content of 
the defibrillatbn pulse can be about two hundred joules 
or three hundred joules. If the second series of analyze/ 
charge/shock sequences ends with the delivery of a de- 30 
fibrillation pulse, processor 74 again times out a short 
pause of about five second before beginning a third an- 
alyze/charge/shock sequence. The third series Is also 
identical to the first series, but processor 74 controls the 
high voltage generation circuit 86 in such a manner as ss 
to cause the defibrillation pulse delivered upon the ac- 
tuatkxi of the rescue switch 18 to have an energy con- 
tent of about three hundred and sixty joules. 

Folbwing the delivery of a defibrillation pulse at the 
end of the third series of analyze/charge/shock se- 40 
quences. or after identifying a nonshockable cardiac 
rhythm, processor 74 initiates the generation of a 
'Check Pulse. If no pulse, give CPR.' voice prompt 
Processor 74 then times a one minute CPR perkxJ to 
complete a first set of three series of analyze/charge/ 45 
shock sequences. Rescue mode operation then contin- 
ues witti additional sets of three series of analyze/ 
charge/shock sequences of the type described above 
(all with three hundred and sixty joule pulses). Proces- 
sor 74 ends rescue mode operatton of defibrillator 10 so 
when a total of nine series of analyze/charge/shock se- 
quences have been performed, or Iki 28 is ck)sed. 

Throughout the arialyze, charge and shock se- 
quences, processor 74 monitors the impedance present 
across connector 32 to determine whether electrodes 55 
50 rerDaln properly positioned on the patient. If the mon- 
itored impedance is out of range (e.g., too high If the 
electrodes have come off the patient, or too bw If short- 



ed), processor 74 initiates the generatbn of a 'Check 
Electrodes.' vobe prompt, and causes high voltage 
generation circuit 86 to discharge any charge that may 
be present through internal bad 98. Rescue mode op- 
eration will resume when processor 74 determines that 
the electrodes have been property repositbned on the 
patient. 

Processor 74 initiates and performs a lid cbsed 
self -test when lid 28 is closed following rescue nrKxie op- 
eration of the defibrillator 10. During the lid closed self- 
test processor 74 performs a comprehensive check of 
the status and functionality of defibrillator 10. including: 
1 ) the state of event memory 78, 2) the functionality of 
real time clock 79, 3) the functbnality of A/D converter 
102, 4) the functionality of program memory 76, data 
memory 77 and event memory 78, 5) the charge state 
of batteries 80 and 82, and 6) the interconnection and 
operability of electrodes 50. The state of event memory 
78, the state of batteries 80 and 82, the interconnectbn 
and operability of electrodes 50, and the functionality of 
cbck 79 and A/D converter 1 02 are checked in a manner 
klentbal to that described above with reference to the 
lid opened self-test. Conventbnal memory test routines 
are implemented to check the functionality of program 
memory 76, data merrxjry 77 and event memory 78. 
Ught 38 on diagnostb display panel 36 is illuminated 
(when IkJ 28 is subsequently opened), and maintenance 
indicator 20 is switched to its maintenance required 
state by processor 74 if faults are identified during the 
lid closed self-test. No audible alarms are actuated if 
faults are identified in the charge state of batteries 80 or 
82 or the interconnection or functbnality of electrodes 
50 during the lid closed self test. However, alarm 96 is 
actuated by processor 74 if other faults are identified 
during the lid opened self test. 

A daily self-test is initiated and performed by proc- 
essor 74 at a predetermined time each day (i.e., every 
twenty-four hours). During the daily self-test processor 
74 performs all the component check operatbns de- 
scribed above that are performed during the lid opened 
and lid closed self-tests. In addition to illuminating the 
appropriate lights on diagnostic display panel 36. proc- 
essor 74 switches maintenance indicator 20 to its main- 
tenance required state and activates alarm 96 if faults 
are identified during the daily self-test. 

Processor 74 also initiates and performs a weekly 
self-test at a predetermined time one day each week. 
During the weekly self-test processor 74 performs all the 
component check operations described above that are 
performed during the daily self -test. In addition, proces- 
sor 74 causes high voltage generation circuit 86 to se- 
quentially operate In Its charge and discharge modes, 
with the charge being dumped to the internal load 98. 
While the high voltage generation circuit 86 is operating 
in the charge mode, processor 74 monitors the time re- 
quired to charge tiie capacitors and the capacitor volt- 
age. A fault Is kJentified if either is out of nominal condi- 
tions. Maintenance Indicator 20 and alarm 96 are actu- 
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ated in the manner described above if any faults are CI 
identified during the weekly self-test. 

Watch dog timer 92 is set to time watch dog time- 1. 
out periods of about thirty hours (i.e., a period greater 
than the twenty-four hour periods between daily self- s 
tests), and is reset by processor 74 at the beginning of 
each daily self-test and each time lid 26 is opened. In 
the event control system 70 malfunctions and watch dog 
timer 92 times out, power control circuit 88 causes proc- 
essor 74 to switch maintenance indicator 20 to the main- io 
tenance required state and to actuate alarm 96 to alert 
an operator to the fact that defibrillator 10 requires main- 
tenance. 

Data representative of the operation of defibrillator 
10 and the monitored cardiac rhythm of the patient are is 
stored in event memory 76 during rescue mode opera- 
tion. Stored data representative of the operation of de- 
fibrillator 10 includes the real time of the occurrence of 
each of the following events: 1) the placement of elec- 
trodes 50 on the patient, 2) the initiation of the cardiac 20 
rhythm analysis voice prompt, 3) the initiation of the 
charging voice prompt, 4) the completion of the charge 
mode operation of high voltage generation circuit 86 , 
and 5) the actuation of rescue switch 1 8. The actual time 
base of the patient's cardiac rhythm is also stored in 
memory 78. Following a rescue, the stored data can be 2. 
retrieved from event memory 78 through the use of a 
personal computer (PC) (not shown) interfaced to com- 
munications port 22. Real time clock 79 can also be set 
through the use of a PC Interfaced to communk:ations 30 
port 22. 

Upon the completion of each IkJ opened, lid ck)sed, 
daily and weekly self-test, processor 74 causes a record 
of the self-test to be stored in event menrwry 78. Each 
stored record includes data representative of the date 3S 
and time of the test and the results of the test. The test 
results are recorded in the form of a code or other de- 
scription indicating whether all the functkxis, compo- 
nents and component status states passed the test, or 
indicating the nature of any kientified faults. In one em- 40 
bodiment, only the records of the ten most recently per- 
fomned tests are stored in memory 78. The stored self- 
test records can be retrieved from menrK)ry 78 through 
a PC interfaced to communications port 22. 

Defibrillator 10 offers considerable advantages. In ^ 
particular, the device is relatively easy to use. The lid- 
actuated on-off switch, voice prompts, "one button* res- 
cue operation and other aspects of the operator inter- 
face help enable high-quality defibrillation rescues. The 
wkJe range of self-tests and diagnostic displays enable so 
operators to conveniently and accurately assess the op- 
erational status of the defibrillator. 

Although the present Inventkm has been described 
with reference to pref en-ed embodiments, those skilled 
in the art will recognized that changes can be made in ss 
form and detail without departing from the scope of the 
inventbn. 



An automated external defibrillator, comprising: 
a case; 

electrode terminals configured for electrical in- 
terconnectnn to defibrillator electrodes; 
a battery compartment and battery terminals in 
the case, the battery compartment and termi- 
nals configured for holding and electrical Inter- 
connection to one or more batteries; 
a high voltage circuit coupled to the battery ter- 
minals and the electrode terminals, for gener- 
ating defibrillation pulses and applying the puls- 
es to the electrode terminals; 
a maintenance indicator on the case; and 
a digital control system coupled to the electrode 
terminals, battery terminals, high voltage circuit 
and maintenance indicator, and including self- 
test means for perkxiically and automatk^ally 
performing a self-test of the f unctk>nality of one 
or more defibrillator components, and for actu- 
ating the maintenance indicator if a malfunc- 
tioning component Is identified. 

An automated external defibrillator configured for 
use with a packaged pair of electrodes electrically 
connected to one another within the package and 
including lead wires with connectors extending from 
the package, the defibrillator including: 

a case; 

electrode terminals configured for electrical in- 
terconnectbn to defibrillator electrode connec- 
tors; 

a battery compartment and battery terminals in 
the case, the battery compartment and termi- 
nals configured for holding and electrical inter- 
connection to one or more batteries; 
a high voltage circuit coupled to the battery ter- 
minals and the electrode terminals, for gener- 
ating defibrillatkxi pulses and applying the puls- 
es to the electrode terminals; 
an Impedance measuring circuit for measuring 
the impedance between the electrode termi- 
nals; 

a battery level monitoring circuit for measuring 
the charge state of the batteries; 
a maintenance indicator on the case; and 
a digital control system coupled to the electrode 
terminals, battery terminals, high voltage cir- 
cuit, impedance measuring circuit, battery level 
monitoring circuit and maintenance indk^tor, 
including: 

self-test initiating means for perkxJicalty 
and automatically initiating defibrillator 
self-tests; 
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battery test means for checking the charge 
state of the batteries during self-tests, and 
for actuating the maintenance indicator 
when low battery charge states are identi- 
fied; s 
electrode connection test means for check- 
ing the electrical interconnection of elec- 
trodes to the electrode terminals as a f unc- 
Xion of the measured impedance between 
the electrode terminals during self-tests, io 
and for actuating the maintenance Indica- 
tor when disconnected electrode states are 
identified. 



control system further includes: 

electnonk: memory; and 
memory test means for checking the function- 
ality of the electronic memory during self-tests, 
and for actuating the maintenance indicator 
when memory faults are identified. 



3. The defibrillator of claim 1 wherein the self-test is 
means includes daily self-test means for performing 

at least a daily self-test. 

4. The defibrillator of claim 1 ,2 or 3 wherein the self- 
test means includes weekly self-test means for per- ^ 
forming at least a weekly setf^est 

5. The defibrillator of claim 1,2,3 or 4 wherein the 
maintenance indicator includes an audible indk^ator 
and/or a visual indk:ator. 2S 

6. The defibrillator of any of claims 1 to 5 wherein the 
self-test means includes means for checking the 
charge state of the batteries. 

30 

7. The defibrillator of any of claims 1 to 6 wherein the 
self-test means includes means for checking the 
defibrillator electrodes. 



8. The defibrillator of any ofclaims 1 to 7 wherein the 3S 
self-test means includes means for checking the 
functkxialrty of the high voltage circuit. 

9. The defibrillator of any of claims 1 to 8 wherein the 
self-test means includes means for checking the 40 
functkxiality of the digital control system. 

10. The defibrillator of any of claims 1 to 9 wherein the 
digital control system further includes: 

45 

a memory; and 

test record means for storing in the memory a 
record of the self-tests pertonmed by the self- 
test means. 

60 

1 1 . The defibrillator of claim 2 wherein the digital control 
system further includes high voltage circuit test 
means for checking the functionality of the high volt- 
age circuit during self-tests, and for actuating the 
maintenance indicator when high voltage circuit ss 
faults are identified. 



12. The defibrillator of claim 2 or 11 wherein the digital 
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Fig. 7 
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IF PATIENT IS: 
UNCONSCIOUS 

mo 

NOT BREATHING 
AND 

HAS NO PULSE 
THEN 
PLACE ELECTRODES 



o 



A CAUTION ~] 



HAZARDOUS ELETRICAL OUTPUT 
THIS EQUIPMENT ISFOR USE ONLY BY 
QUALIFIED PERSONNEL. 



A DANGER 



POSSIBLE EXPLOSION HAZARD 

IF USED IN THE PRESENCE OF 
CONCENTRATED OXYGEN. 

UNIT MUST BE DISCONNECTED FROM 
THE BATTERY CHARGER BEFORE USE. 

DO NOT USE IF PATIENT WEIGHS LESS 
THAN 90 LBS. (40 KG). 
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